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(54) Glucagon-like insulinotropic complexes, compositions and methods 

(57) The present invention provides novel com- 
plexes consisting of certain GLP-1 molecules associ- 
ated with a divalent metal cation that is capable of co- 
precifxtating with a GLP-1 molecule. Pharmaceutical 
compositions and methods of using such complexes for 
enhandng the expression of insulin In B-type islet cells 
is claimed, as is a method for treating maturity onset 
diabetes mellitus in mammals, particularly humans. 
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This invention relates to the field of pharmaceutical and organic chemistry and provides novel conpounds and 

5 Sl"^ rr^J^*'*"*' ^ ^ "S^i" fro-" "JSnalian'pan- 

5 create B-typeislet cells and for treating maturity onset diabetes meliitus in a mammal »"ai«npan 
The endocrine secretions of the panaeatic islets are under conplex control not only by Wood-home metabolites 
(glucose am,no aads. catecholamines, etc.). but also by local paracnne influences. The ^ajor p^ttr^fc^euS 
mones glucagon, insulin and somatostatin) interact amongst their spedficcen types (A. B. and D respectively) to 
,0 ^^^^Z'^^r^T -metabolites. Althoigh insuOn ^^^^Zl 

SLT^!? ^ ^1^^ °* '""aD'te flfucose^nediated insulin secretory responses. In 

addition tott^ Pnqposed .ntenslet paracrine regulation of insulin secretion, there is evidence to support fteedstence 
of .nsulmotropic factors in the intestine. This concept originates from the observations that glu^tTn S a 
much more potent stimulant of insulin secretion than is a comparable amount of glucose given intravenously. 
« ho Ji! ^ hormone glucagon is a 29-amino add peptide homione produced in the A^ells of the pancreas. The 
15 homione betongs to a mutti^ene family of stnicturally related peptides that indude secretin, gastric inhibitory peptide 

5""^ ^y^^ ^ P^"*^ "^"^y carbohydrate metabolism, gastrointesti- 

nal mobilrty and secretory processing. The prindpal recognized actions of pancreatic glucagon, however, are to pro- 
mrte h^tc glycogendysis and glyconeogenesis. resulting in an elevation of blood sugar levels. In this regard the 
actions of glucagon are counter regulatory to those of insulin and may contribute to the hyperglycemia that Mcoiiipa- 
20 nies Diabetes meliitus [(Lund. P.K.. et al.. Proc. Natl. Acad. Sd. U.S.A.. 23:345-349 (1982)] 

roite^rf!^" '^"^ ^^^"^ ^® °* "'""^'"^ *° '^^'^ "e 0" the surface of insulin produdng 
cells^ Glucagon, when bound to these receptors, stimulates the rapid syntiiesis of cAMP by these cells. cAMP in turn 
has been found to Stimulate insulin expression (Kbrman. LY. e/a/..0/abefes. 34:717-722 (1985)]. Insulin acts to inhibit' 

25 ?SrThT«.T '^^'■'^ ^^^'o^- l^fle Publications. L aJos. ^alifo^^ TaS 

25 (197^]. Thus, the expression of glucagon is carefully regulated by insulin, and ultimately by the semm glucose level 
,. J/ V 1^^"" <™"s'a'ed from a 360 base pair precursor to fomi the polypeptide preproqlucaoon 

lU^nd. al Proa Natl. Acad. Sd. U.S.A. 79:345-349 (1982)]. This polypeptide is subsequ^SS^SessS^mpr; 
glucagon. Patze^ C. et al.. Nature, 282:260-266 (1979). demonstrated ti«t progluca7on\S subseqSnSy d3 
UsT^^^^'S^'^,!!fl Subsequent wort^by Lund. RK.. eta,., Lopez LC. eta,.. ProcNatl. Acad. So. 
t/SA. Sfi.5485-54W (19M) and Bell. G.I.. et al.. Nature 302:716-718 (1983). demonstrated tt«t the proglucagon 
.mmediately after lysine-arginine dipeptide residues. Studies of proglucagon produc^by chan- 
nj^ catfish { cta^rvs punctata] indicated that glucagon from this animal was also proteolytically deaved after adjacent 
ly^ine-argininedipeptde residues [Andrews R C. eta,., J. Biol. Chem.. 266:3910-3914 (1^85). UDpez L C ItTpr^ 
cZilf i"- ^■^.■^^ 0^)1- Bell. ai.. et a,., am discovered ttial ma,;;TSf p«Sluc^^^^^ 
tt^^^il!! »!Jk!T,! "9'"'"«^'Bi"'"e dipeptides. and demonstrated that the proglucagon molecule contained 
^fl S , ^ r^' "»'ec"'es whidi were designated glucagon, glucagon-like peptide i 

• ^-^'"^^ '^^^ glucagon-like peptkf e 1 was 37 am"o acid 
^sidues long and that glucagon-hke peptide 2 was 34 amino add residues long. Analogous studies on the structure of 
rat preproglucagon re/ealed a similar pattern of proteolytic cleavage between adjacent lysine-arginine or arginine- 

iis!^i7fi 9SS".f '^"""l'"*^^^ and 01^-2 [Heinrid,.G.. etal.. Endocrmoi. 

113.2176-2181 (1984)]. Human, rat bovine, and hamster sequences of GLP-1 have been found to be identical [Ghigli- 
one. M.. ef a/., Diabetologia, 22:599-600 (1 984)]. 

.,oT'l^fT '^ff'V Lopez, etal.. regarding thesizeof GLP-I wasconfimiedbytheworkof Uttenthal. LO 
etal.. J. Clin. Endocnnol. Me/atw/.. 61:472-479 (1985). Utterthal. eta,., examined the molecular fomis of GLP-i whK* 
were present in the human panaeas. Their researdi shows ttiat GLP-I and GLP-2 are present in the pancreas as 37 
amino aad and 34 amino add peptides, respectively 

^ ^^^^ ^ glucagon suggested to earty investigators tiiat GLP-I might have biological 

activily^ttiough some investigators found that GLP-1 could induce rat brain cells to synthesize cAMP [Hoosein N M 
. 1^ i*"' ^^"^ <^er investigators failed to identify any physiological rde for GLP-1 (Lopez L C ' 

ef a/.). The failure to identify any physiological role for GLP-1 caused some investigators to question whettier GLP-i' 
was in fad a hormone and whether ttie relatedness between glucagon and GLP-1 might be artifactual 

Variants of GLP-1 (7-37) and analogs thereof, also have been disclosed. These variants and analogs include tor 
aamplejGlnS-GLP-1 (7-37), D-Gln^-GLP-I (7-37). acetyl-Lys^-GLP-l (7-37). Thr^e.^ygis^gLp., ^.g^j Lys'^ GLP-i 
(7-37) and ttie like, and denvatives thereof induding. for example, add addition salts, caiboxylate salts lower aikyi 
esters, and amides [sag, e.g.. WO 91/1 1457]. Generally, tiie various disdosed fomis of GLP-1 are known to sfmuiate 

11^^^,^,^™^?^""°^'' ^ "'^^ ISfia e g., Mojsov. S.. Int J. Peptide Proteir, flesearc/. 

4y:333-343 (1992)). 

More importantly, muftiple authors have demonstrated the nexus between laboratory experimentation and marrv^na- 
lian. particularly human, insuiinotropic responses to exogenous administration of GLP-I. particularly GLP-i {7-26)Nh^ 
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and GLP-1 (7-37) [gfia ag.. Nauck. MA, etal.. Diabetologia. 36:741-744 (1993); Gutniak. M.. etal.. NewEnglandJ 
ofMediane, 226(20):1316.1322 (1992): NaucK MA. etal.. J. Clin. /mest. 21:301-307(1993): and Thorens. B etal' 
D/aftetes. 42:1219-1225 (1993)). "'wra. o.. era. 

More paniculafly. the fundamental defects identified as causing hyperglycemia in maturity onset dial)etes are 
impaired seaetion of endogenous insulin and resistance to the effects of insufin tjy muscle and liver [Qallovray j s 
Diabetes Care. 13:1209-1239. (1990)). The latter defect results in excessive production of glucose from the liver Thus! 
whereas a normal individual releases glucose at the rate of approximately 2 mg/kgAninute. in patents with maturity 
onset diabetes, this amount usually exceeds 2.5 mg/kgAninute resulting in a net excess of at least 70 grams of glucos 
per 24 hours. The fact that there exists exceedingly high correlations t)etween hepatic glucose proAiction the fasting 
Wood glucose and overaM metabolic control as indicated by glycohemoglobin measurements [Galloway. J A.' suDra: and 
Galloway. J.A.. etal.. Clin. Therap.. 12:460-472 (1990)), it is readily apparent that control of the fasting bl(^ glucose 
IS a sine quo non for achieving overall normalization of metabolism sufficient to prevent the complication of hyperglyc- 
emia In view of the fact that present forms of insulin rarely normalize hepatic glucose production without produdng sig- 
nificant hyperinsulinemia and hypoglycemia (Galloway. J.A., and GalKway. J.A.. etal.. suBia) alternative approach^ 
are needed. 

Intravenous infusions of GLIP-1 (7-36)NH2 to produce twice normal serum concentrations have been demon- 
strated to produce the effects indicated in the table below: 





Normal Subjects 


Patients With Maturity 
Onset Diabetes 


Meal glycemia(l) 


Unchanged 


Reduced 


Fasting glycemia (2) 




Reduced 


Fasting glucagon (2) 




Reduced 


Post-prandial glucagon (1) 




Reduced ' 


Endogenous insulin secretion 
in response to a meal (1) 


Unchanged 


Increased 


Free fatty acids 


Reduced (3) 


Reduced (2) 



(1) Gutniak, M., et al. , suora . 

(2) Naudc M.A., etai, Diabetoioaia. sum . 

<3) Oskov, C. et af.. Diabetes, 42:658-661 . (1993). 



However, the long-term stability of GLP-1. particularly GLP-1 as a component of a pharmaceutical composrlion for 
administratiwi to mammals, is questionable. In fact when stored at the low temperature of 4*>C; by-products of GLP-1 
(7-37) have been found as early as eleven months after sample preparation (Mojsov, S.. suora) . Thus, there exists a 
need for a more stable GLP-1 compound which can safely be administered to mammals in need of such treatment 

Furthermore, the biological haK-life of GLP-1 molecules, particularly those molecules which are affected by the 
activity of dipeptidyl-peptidase IV (DPP IV) is quite short. For exanple. the biological half-life of GLP-1 (7-37) is a mere 
3 to 5 minutes and is further influenced by its rapid absorption following parenteral administration to a mammal Thus 
there also exists a need for a GLP-1 compound which delays absorption following such administration. 

Accordingly, the present invention solves the problem of serum instability and short serum half-life associated with 
native GLP-1 molecules. In addition, the compounds of the present invention also provide delayed absorption following 
parenteral administration and. consequentiy should have extended biological half-lives. Also provided are pharmaceu- 
tical conrpositions of the compounds of the present invention, as well as methods for using such compounds. 

The present invention provides a complex consisting of a divalent metal cation associated with and capable of 
coprecipitating with a compound of the formula: 

Ri-X-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Y-Gly-Gn-Ala-Ala-Lys-Z-Phe-lle-Ala-Trp-Le 
Qy-Arg-R2 

wherein: 

Ri is selected from the group consisting of L-histidine. D-histidine, desamino-histidine. 2-amino-histidine. p- 

hydroxy-histidine, homohistidine. alpha-fluoromethyl-histidine. and alpha-methyl-histidine; 
X is selected from the group consisting of Ala. Gly. Val. Thr. lie. and alpha-methyl-Ala; 
Y is selected from the group consisting of Glu. Gin, Ala. Thr, Ser. and Gy; 
Z is selected from the group consisting of Glu, Gin. Ala, Thr. Ser, and Gly; 
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providing that the compound has an isoelectric point in the range from about 6.0 to about 9.0 and further providing that 
when Rt is His. X is Ala. Y is GIu. and Z is GIu, Rg must be NH2. 

Also provided by the present invention is a pharmaceutical composition comprising a compound of the present 
invention in combination with one or more pharmaceuticaify acceptable carriers, diluents, r exdpients. 

The present invention further provides a method fa enhancing the expression of insulin conprising providing to a 
mammalian pancreatic B-type islet cell an effective amojnt of a compound of the present invention, as well as a method 
of treating maturity onset diabetes mellitus which conprises administering to a mammal in need of such treatment an 
effective amount of a compound of tine present invention. 

One aspect of the present invention provides a complex consisting of a GLP-1 molecule having an isoelectric point 
in the range from about 6.0 to about 9.0. complexed with a divalent metal cation. 

As used In tfie present specification, the temi "GLP-I molecule" refers to naturally^jccurring GLP^l (7-36)NH2 
GLP-1 (7-37). natural and unnatural functional analogs and derivatives thereof, and salts thereof. The amino acid 
15 sequence of GLP-1 (7-36)NH2 is well known in the art. but is presented below as a convenience to the reader- 

His^-Ala-Qu-GIy^0-pr-Phe-Thr-Ser-Aspi5.Val-Ser.Ser.Tyr-Leu20.au-Gly<3ln.Ala.^ 
Ala^°-Trp-Leu-Val-Lys-Gly^-Arg-NH2. 

For GLP-1 (7-37). the carboxy-terminal amide functionality of Arg^s is displaced with Gly at the 37th position of th 
GLP-1 {7-36)NH2 molecule. 

20 In addition, ttie existence and preparation of a multitude of protected, unprotected, and partially protected natural 
and unnatural functional analogs and derivatives of GLP-1 (7-36)NH2 and GLP-1 (7-37) molecules have been 
described in the art fesfi. e.g.. U.S. Pat No 5.120.712 and 5.1 18.666. which are heran incorporated by reference and 
Orskov. C. efa/., J. Biol. C/rem.. 2S4(22):12826.12829 (1989) and WO 91/1 1457 (BucWey. D.I., efa/.. published Ailgust 
8, 1991)]. 

25 As known in the art. amino acid r^dues may be in their protected form in which both amino and carboxy groups 
possess appropriate protecting groups, partially-protected form in which either amino or carboxy groups possess 
appropriate protecting groups, or unprotected form in which neither amino nor carboxy groups possess an appropriate 
protecting group. Numerous reactions for the formation and renraval of such protecting groups are described in a 
number of standard woite including, for example. "Protective Groups in Organic Chemistry". Plenum Press (London 
30 and New York. 1973): Green. TH.. "Protective Groups in Organic Synthesis". Wiley (New Yori^. 1981): and The Pep- 
tides". Vol. I. Schroder and LObke, Academic Press (London and New YorK 1965). 

Representative amino protecting groups include, for example, formyl, acetyl, isopropyl. butoxycarbonyl fluorenyl- 
methQxycart)onyl. carbobenzyloxy. and the like. 

Representative carboxy protecting groups include, for example, benzyl ester, methyl ester, ethyl ester, t-butyl ester 
35 p-nitro phenyl ester, and the like. 

In addition to protected forms in which both amino and carboxy groups possess appropriate protecting groups, the 
term "protected" also refers to those GLP-l molecules in which the activity of dipeptidyl-peptidase IV is resisted or irihib- 
ited fegg. e.g.. Mentiein. R., etal., Eur. J. Biochem., 2U:829-835 (1993)], In addition to GLP-1 (7-36) NHg. molecules 
which are protected from the activity of DPP IV are preferred, and ay^<3LP-1(7-36)NH2 Vai^-GLP-1(7-37)OH a- 
40 methly-Ala8-GLP-1(7-36)NH2, and GIyfi-an2i^LP-1(7-37)OH are more preferred. 

Derivatives of naturallyK)ccun'ing GLP-1 molecules are those peptides which are obtained by fragmenting a natu- 
rally^xxurring sequence, or are synthesized based upon a knowledge of tiie sequence of the naturally^uning amino 
acid sequence of the genetic material (DNA or RNA) which encodes this sequence. The term "derivatives" also Includes 
chemical modification of natural or unnatural GLP-1 molecules. Processes for preparing ttiese derivatives are well 
45 known to organic and peptkle chemists of ordinary skill fegg, e.g.. WO 91/1 1457, suora) . 

GLP-1 molecules of tfie present invention also include analogs of GLP-1 (7-36)NH2 and GLP-1 (7-37) in which one 
or more amino acids which are not present in the original sequence are added or deleted, and derivatives thereof. Spe- 
cifically, His and desamino-histidine are preferred for Ri , so long as the overall isoelectric point of the molecule is In the 
range of about 6 to 9. Ala. Gly. and Val are preferred at the "X" position, so long as the overall isoelectric point of the 
molecule is in the range of about 6 to 9. Ukewise, GIu. and Gin are prefen-ed at the T' position, so long as the overall 
isoelectric point of the molecule is in ttie range of about 6 to 9. Also, GIu. and Gin are prefen-ed at the "T position, so 
long as the overall isoelectric point of the molecule is in the range of about 6 to 9. Finally. Gly-OH is preferred for Rg! so 
long as the overall isoelectric point of the molecule is in the range of about 6 to 9. 

Furthermore, the present inv^ion includes a salt form of a GLP-1 molecule. A GLP-1 of this invention can possess 
a sufficientiy acidic, a &uffid entiy basic, or both functional groups, and accordingly react witii any of a number of inor- 
ganic bases, and inorg^ and organic acids, to form a salt Acids commonly employed to form add addition salts are 
inorganic adds such as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric add. phosphoric add. and the like, 
and organic acids such as B-toluenesulfonic acid, methanesutfonic add. oxalic acid, ^-brom phenyl-sulfonic acid, car^ 
bonic ac«j. sucdnic add. dtric add, benzoic acid, acetic acid, and the like. Exanples of such salts indude the sulfate. 
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pyrosufete. bisulfate. sutfrte. bisulfite, phosphate. monohydrogenphosphaJe, dihydrogenphosfrfiate. metaphosphate 
Pirrc^hosphate. chlaide. bromide, iodide, acetate, propionate, decanoate. caprytate. acrylate. formate, isobutyrate 
caproate. heptanoate. propiolate. oxalate, malonate, sucdnate. suberate. s^jacate. fumarate. maleate. bulyne-l,4Klio^ 
ate. hexyne-1.6Klioate. benzoate. chlorobenzoate. methylbenzoate. dinitrobenzoate. hydroxybenzoate. methoxyben- 
zoate, phthalate. sulfonate, xylenesuJfonate. phenyiacetate. pheny^rppionate. phenylbutyrate. citrate, lactate, gamma- 
hydroxybutyrate. glycolate. tartrate, methanesulfonate, propanesulfonate. naphthalene- 1 -sulfonate. naphthalene-2-suJ- 
fonate. mandelate. and the like. Preferred add atWition salts are thc»e formed with mineral acids such as hydrochloric 
acid and hydrobromic acid, and. espedally. hydrochloric add. 

Base addition salts indude those derived from inorganic bases, such as ammonium a alkali or alkaline earth metal 
hydroxkies. carbonates, ^carbonates, and the like. Sudi bases useful in preparing the salts of this invention thus 
include sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium carbonate, and the lika The salt 
forms are particularly preferred. 

Of course, when the compounds of this invention are used for phamnacotherapeutic purposes, those compounds 
may also be in the form of a salt but the salt must be pharmaceutically acc^jtaUe, 

Thus. GLP-1 molecules of the present invention indude inter alia, those GU=»-1 molecule which functionally dem- 
onstrate insulinotropic activity. The term Insulinotropic activity" relates to ttte ability of a substance to stimulate, or 
cause the stimulation of, the synthesis or expression of the hormone insulin. 

The insulinotropc property of a compound may be determined by provicfing that conpound to animal cells, or 
ir^'ecting that compound into animals and monitoring the release of immunoreactive insulin (IRI) into the media or dr- 
culatory system of the animal, respectively. The presence of IRI is detected tfirough ttie use of a radioimmunoassay 
which can specifically detect insulin. 

Although any radioimmunoassay capable of detecting the presence of IRI may be employed, it is preferable to use 
a modification of ttie assay mettiod of Albano. J.D.M.. etal,, Acta Endocrinol, ZQ:487-509 (1972). In this modification, 
a phosphate/albumin buffer witfi a pH of 7.4 is employed. The incubation is prepared with the consecutive addition of 
500 ^1 of phosphate buffer. 50 nl of perfusate sample or rat insulin standard in perfusate. 100 of anti-insulin antiserum 
(Wellcome Laboratories: 1 :40.000 dilution), and 100 jii of [^^^\) insulin, giving a total volume of 750 in a 10x75 mm 
disposatde glass tube. After incubation for 2-3 days at 4«> C. free insulin is separated from antibody-bound insulin by 
charcoal separation. The assay sensitivity is 1-2 uUAnL In order to measure the release of IRI into ttie cell cultur 
medium of cells grown in tissue culture, one preferably incorporates radioactive label into proinsulin. Arthough any radi- 
oactive label capable of labelling a polypeptide can be used, it is preferable to use leiKane in order to obtain labelled 
proinsulin. Labelling can be done for any period of time suffident to permit the formation of a detectably labelled pool 
of proinsulin molecules; however, it is preferable to incubate cells in the presence of radioactive label for a 60 minute 
time period. 

Althoi^h many cell lines capable of expressing insulin can be used for determining whether a compound has an 
insulinotropic effect, it is preferable to use rat insulinoma cells, and especially RIN-38 rat insulinoma cells. Such cells 
can be grown in any suitable medium; however, it is preferable to use DME medium containing 0.1% BSA and 25 mM 
glucose. 

The insulinotropic property of a compound may also be determined by panaeatic infusion. The in situ isolated per- 
fused rat pancreas preparation is a modification of ttie mettiod of Penhos, J.C.. et af.. Diabetes, 12:733-738 (1969). 
fasted male Charies River strain albino rats, weighing 350-600 g. are anesttietized with an intraperitoneal injection of 
Amytal Sodium (Eli Ully and Ca: 160 ng/kg). Renal, adrenal, gastric, and lower colonic Wood vessels are ligated. The 
entire intestine is resected except for about four cm of duodenum and ttie descending colon and rectum. Therefor , only 
a small part of ttie intestine is perfused, minimizing possible interference by enteric substances with glucagon-like 
immunoreactivity. The perfusate is a modified Krebs-Ringer bicarbonate buffer with 4% dextran T70 and 0.2% bovine 
serum albumin (fraction V). and is bubbled witti 95% O2 and 5% COg. A nonpulsatile flow. 4K:hannel roller bearing 
pump (Buchler polystatic. Buchler Instruments Division. Nudear-Chicago Corp.) is used, and a switch from one per- 
fusate source to another is accomplished by switching a 3-way stopcock. The manner in which perfusion is performed, 
monitored, and analyzed follow the mettiod of Weir. G.C.. etal., J. Clin. Inestigat. 54:1403-1412 (1974). which is hereby 
incorporated by reference. 

The GLP-1 mdecules of ttie present invention are required to possess a histidine functionality at ttie amino termi- 
nus. GLP-1 molecules of ttie present invention may also possess a modified histidine functionality in lieu of the required 
histidine functionality. 

The temi "modified histidine" refers to a histidine functionality which has been chemically or bidogically altered or 
an altered histidine functionality which has been synthesized da novo, but which retains its metal binding properties. 

Numerous such modified histidine functionalities and ttieir preparation are known in ttie art and indude. for exam- 
ple, D-histidine (WO 91/11457), desamino-histidine (WO 92/18531). 2-amino-histidine [Levine-Pinto. H.. et al.. Bio- 
chem. Biophys. Res. Commun.. 1flS(4) 1121-1 130 (1981)]. p-hydroxy-L-histidine (Owa. T. etai., Chemistry Letters, pp. 
1873-1874 (1988)1. L-homohistidine [Altman. J., etal., S/ntfretfcCommi/n., 1S( 11 &1 2) 2069-2076 (1989)). a-fluorome- 
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th^cfine (US. Pat. NO. 4.347.374). and a-methylhistcfine [O'Donnell. M.J.. Synthetic Comun.. 1S{7&8):1 157-1165 
The GLP-1 molecules of the present invention further are required to have an isoelectric noirtt in tho # 

GLP-1 {7-36)NH2 
G)y8-GLP-1 (7-36)NH2 
Gln^-GLP-1 (7-37) 
D<aln^-GLP-1 (7-37) 
w acetyl-Lys^-GLP-1 (7-37) 

■nTr^<3LP-1 (7-37) 
D-Thr^-GLP-l (7-37) 
Asn^-GLP-I (7-37) 
D-Asn^-GLP-I (7-37) 
»s Sei^-Arg23-Arg2*-GIn»GLP-1 (7-37) 

Thri6-Lys'8-GLP-1 (7-37) 
Lys'8-GLP-1 (7-37) 
Afg23^3LP-i (7-37) 

ArgZ-^-GLP-i (7-37). and the like (gfifi, e.g.. WO 91/11457. suana). In addition. GLP-i molecules of the present 
jmrnnjon When p<«essing each of the abce-referenced modified histidine functionalities in^tl SsMine fuS 
tonalrty. have soelectnc po-nts which fall within the aboveKiefined ranga Methods for calculating or ex^erimerti 
determining the isoelectric point of other QLP-I molecules are known to one of ordinary skill in theart ^^"'".^^'^ 

pepWrS^S °* "'^ ^ ^ »° ^ °««"arily skilled 

^ K J" TT^- ^^'"^ "»'ecules are prepared by the well-known solid phase peptide synlhetk: schemes described 
by MerrrfieW. J.M.. Chem. Soc.. S52149 (1962), and Stewart and ytung Solid pZse Spm Smh^^pTtTS 

^ fragrnentng the naturally-occurring amino acid sequence using, for example, a proteolytic enzym 
Fum^ ,t .s pcssdJle to Obtain the desired fragments of the proglucagon peptide or of GLpT(1 -smhrough the3of 

T- etal.. Mo,ecu,Jllology:A la^^UTlJS. csh (C^2 

«,mli^e%!f/*** t^"" ^ "'""^^ P'"''^^ "'^ s''"** ^«n another means by which 

compounds of the present inventon can be obtained. Although it may be produced by solid phase peptide synthesis or 

. ;s;rpr2nre"*'""''"^^°'^':^^^^^^^'^^ 

o! it teton Sr"'"** '"'^ * "^""^ ^ ^BSSirxQ proteins either alone 

c) transforming an appropriate eukaryof c or prokaryotic host cell with the expression vector 
d culturing the transformed host cell under conditions that will permit expression of a QLP-i molecule and 
e) recovenng and purifying the recombinantty produced GLP-1 molecula 

n=«J^!i"*^*'^ ^tT^"^ sequences may be wholly synthetic a the result of modifications to the larger 
S lT??r/"7S,°Z opf ^""^^ preproglucagon is presented in Lund, ef a/., Proc. SatI 
i^ifS' tho ^'^^^"^ ""^ ""^ ^^"9 "^'^'^ semisynthetic production of the com- 

pouixte of the present invention by altering the native sequence to achieve the desired results 

Synthetic genes, the in vitro or in vim transcription and translation of which results in the production of a GLP-1 

encode GLP-1 molecules. 

The methodology of synthetic gene construction is well known in the art. See Brown, ef a/. (1979) Methods in 

^°^'51. DNA sequences that encode a GLP-i molecule «n be 
^ sequences herein disclosed. Once designed, the sequence itself may be generated 

usmg conventional DNA synthesizing apparatus such as the Model 380A or 380B DNA synthesizers (PE-Applied Bio- 
systenre. Inc.. 850 Lncoln Center Drive. Foster City. CA 94404). 

nf.f '"^'^ engineered synthetic DNA sequence in any one of many 

appropnate recombinant DNA expression vectors through the use of appropriate restriction endonucleases. See gen- 
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erallyManiatis eta/, (1989) Molecular Cloning; A Laboratory Ms^al. Cold Springs Hartxsr Laboratory Press, N.Y.. Vol 
1 -3. Restriction endonudease deavage sites are engineered into either end of the GLP-1 molecule-encoding DNA to 
fadlitate isolation from, and integration into, known amplification and expression vectors. The particular endonudeases 
employed will be dctated by ttie restriction endonudease deavage pattern of the parent expression vector to be 

5 employed. The choice of restriction sites are chosen so as to property orient the coding sequence with control 
sequences to achieve proper in-frame reading and expression of the protein of interest. The cocfing sequence must be 
positioned so as to be in proper reading frame with the promoter and ribosome binding site of the expression vector 
both of which are functional in the host cell in which the protein is to be expressed. 

To achieve effident transaction of the synthetic gene, it must be operably assodaled with a promoter-operator 

10 region. Therefore, the promoter-operator region of the synthetic gene is placed in the same sequential orientation with 
respect to the ATG start codon of the synthetic gena 

A variety of expression vectors useful for transfomiing prokaryotic and eukaryotic ceils are well known in the art 
See The Pmmega Biological Research Products Catalogue (1992) (Promega Corp.. 2800 Woods Hollow Road Madi- 
son, Wl, 5371 1 -5399); and The Stratagene Cloning Systems Catalogue (1992) (Stratagene Corp.. 11011 North Torrey 

15 Pines Road. U Jdla. CA. 92037). Also. US. Patent Na 4.710.473 desaibes drcular DNA (^asmid transformation vec- 
tors useful for expression of exogenous genes in £ coli at high levels. These plasmids are useful as transformation vec- 
tors in recombinant DNA procedures and 
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(a) confer on the plasmid the capacity for autonomous replication in a host cell; 

(b) control autonomous plasmid replication in relation to the temperature at which host cell cultures are maintained; 

(c) stabilize maintenance of the plasmid in host cell peculations; 

(d) direct synthesis of a protein prod, indicative of plasmid maintenance in a host cell population: 

(e) provide in series restriction endonudease recognition sites unique to tiie plasmid; and 

(f) terminate mRNA transaiption. 

These drcular DNA plasmids are useful as vectors in recombinant DNA procedures for securing high levels of expres- 
sion of exogenous genes. 

Having constmded an expression vector for a GLP-1 molecule, the next step is to place the vector into a suitable 
cell and thereby construct a recombinant host cell useful for expr^ing the polypeptide. Techniques for transforming 
cells with recombinant DNA vectors are well known in the art and may be found in such general references as Maniatis, 
et al. supra. Host cells made be consti-ucted from either eukaryotic or prokaryotic cells. 

Prokaryotic host cells generally produce the protein at higher rates and are easier to culture. Proteins which are 
expressed in high-level bacterial expression systems characteristically aggregate in granules or indusion bodies which 
contain high levels of the overexpressed protein. Such protein aggregates typically must be solubilized. denatured and 
refolded using techniques well known in the art. See Kreuger, etal. (1990) in Protein Folding. Gierasch and King. eds.. 
pgs 136-142. American Association for ttie Advancement of Science Publication No. 89-18S. Washington D C and 
U.S. Patent Na 4.923.967. ' * 

Once the desired GLP-1 molecule is prepared, providing it has an isoelectric point in the range from about 6.0 to 
about 9.0. complexes of the present invention are prepared by complexing a desired GLP-1 mdecule with a divalent 
40 metal cation via well known methods in the art. Such metal cations indude. for example. Zn**. Mn**, Fe** Co^ Cd^ 
Ni*+. and tiie like. Of the metal cations. Zn*+ is prefened. 

Generally, a desired GLP-1 molecule, having the required isoelectric point is combined with a mixture of an appro- 
priate buffer and an appropriate form of a metal cation. 

Appropriate buffers are those which will maintain the mixture at a pH range from about 6.0 to about 9.0. but which 
45 will not interfere with ttie reaction. Preferred buffers indude Goode's buffers, particularty HEPES. and Tris and Tris ace- 
tate. 

Appropriate forms of metal cations are any form of a divalent metal cation which is available to form a conpiex with 
a GLP-1 molecule of the present invention. Preferably, a divalent metal cationic salt such as zinc chloride is provided in 
excess to provkJe a mdar ratio of up to about 50 molecules of a divalent metal cation for each molecule of GLP- 1 sub- 
so strate. 

The temperature employed in this step is that which is suffident to effect completion of the reaction. Typically, the 
\ reaction is run at amtxent temperature. 

The product of ttie present reaction, a crystalline or amorphous suspension, is isdated and purified usir^ standard 
technk^ues. 

The present invention also provkles pharmac^cal compositions comprising a compound of the present invention 
in combination with a pharmaceutically acceptable carrier, diluent or exdpient Such pharmaceutical con^x>Sit)ons are 
prepared in a manner well known in the pharmaceutical art and are administered individually or in combir^oon with 
other therapeutic agents, preferably via parenteral routes. Espedally prefen-ed routes indude intramuscular and sutjcu- 
taneous administration. 
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Parenteral daily dosages, preferably a single, daily dose, are in the range from atxjut 1 pg/kg to about 1 .000 jig/kg 
of body weight although lower or higher dosages may be administered The required dosage will d^end upon the 
severity of the condition of the patient and ipon such criteria as the patient's height weight, sex. age, and mecfical his- 
tory. 

In making the compositions of the present invention, the active ingredient which conprises at least one compound 
of the present invention, is usually mixed with an excipient or diluted by an exdpient When an exdpient is used as a 
diluent, rt may be a solid, semi-solid, or liquid material whic^ acts as a vehicle, carrier, or medium for the active ingredi- 
errt. 

In preparing a formulation, it may be necessary to mill the active compound to provide the appropriate particle size 
pnor to combining with the other ingredients. If the active confound is substantially insoluble, it ordinarily is milled to 
partide size of less than about 200 mesh. If the active conpound is substantially water soluble, the partide size is nor- 
mally adjusted by milling to provide a substantially uniform distribution in the formulation, ag., about 40 mesh. 

Some examples of suitable excipients indude lactose, dextrose, sucrose, trehalose, sorbitol, and mannitol. The 
corrpositions of the invention can be formulated so as to provide quick, sustained or delayed release of the artive ingre- 
dient after administration to the patient by enploying procedures well known in the art. 

The compositions are preferably formulated in a unit dosage form with each dosage normally containing from about 
50 ^g to about 100 mg. more usually from about 1 mg to about 10 mg of the active ingredient The term "unH dosage 
form" refers to physically discrete units suitable as unitary dosages for human subjects and other mammals, each unit 
containing a predetermined quantity of active material calculated to produce the desired therapeutic effect in assoda- 
tion with a suitable phanmaceutical exdpient. 

For the purpose of parenteral adminisfration. compositions containing a compound of the present invention prefer- 
ably are combined with distilled water and the pH is adjusted to about 6.0 to about 9.0. 

Additional pharmaceutical methods may be employed to contrd the duration of action. Controlled release prepara- 
tions may be achieved by tfie use of polymers to complex or absorb a compound of the present invention. The controlled 
delivery may be exerdsed by selecting appropriate macronrwlecules (for example, polyesters, polyamino adds, polyvi- 
nylpyrrolidone, ethylenevinyl acetate, methylcellulose. carboxymethylcellulose. and protamine sulfate) and the concen- 
tration of macromolecules as well as the metfiods of incorporation in order to control release. 

Another possible method to control the duration of action by cortrolled release preparations is to incorporate a 
compound of the present invention into partides of a polymeric material such as polyesters, pdyamino acids, hydro- 
gels, poly (lactic add) or ethylene vinylacetate copolymers. 

Alternatively, instead of incorporating a compound into these polymeric partides, it is possiWe to entrap a com- 
pound of the present invention In microcapsules prepared, for example, by coacervation techniques or by interfacial 
polymerization, for example, hydroxymethylcellulose or gelatin-microcapsules, respectively, or in collddal drug delivery 
systems, for example, liposomes, albumin microspheres, miaoemulsions, nanopartides, and nanocapsules. or in mac- 
roemulsions. Such teachings are disdosed in Remington's Pharmaceutical Sciences (1980). 

The compounds of tiie present invention have insulinotropic activity. Thus, another aspect of the present invention 
provkies a metfiod fw enhancing the expression of insulin comprising provWing to a mammalian pancreatic B-type islet 
cell an effective amount of a conpound of tiie present invention. 

Similarly, the present invention provkJes a method for ti-eating maturity onset diabetes mellitus in a mammal, pref- 
erably a human, in need of such treatment comprising administering an effective anwunt of a compound or corrtposition 
of the present invention, to such a mammal. 

The following examples are provided to further illustrate ttie present invention. It is not intended tfiat the invention 
be limited in scope by reason of any of the following examples. 



Example 1 



Individual alkjuots of 5 different GLP-1 molecules were prepared by well-known, solid phase peptide synthesis and 
were lyophiiized In small vials. Portions of 0.1 M HEPES (N-[2-hydroxyethyllptperazine-N'-[2-ethanesulfonic acid]) buff- 
ers at pH 7.4 containing various levels of zinc chlorkie were added to ttie alquots to obtain a protein concenfration of 
about 0. 1 mg/mL The samples were mixed and stored at ambient temperature (22*» C) for about 18 hours. The mixtures 
were ttien centrifuged (Rsher Model 235C micro-cenfrifuge) for 5 minutes. The dear supernatants were pipetted from 
the tubes. The protein content of ttie supernatants was estimated by measuring ttieir absorbance at 280 nm in a spec- 
trophotometer (Gilford 260). The tfieoretical absorbance value for a 0.1 mg/riiL solution of ttie GLP-1 molecules at ttiis 
wavelength in ttie 1 cm cuvettes is 0.207. The results of ttiis experiment are shown in TaWe 1. 
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Table 1 



Molecule 


280 nm Absorbance 


Molar Ratio 


GLP-1 (7-36)NH2 


GIyS-GLP-1 
{7-36)NH2 


Val^^LP.I 
(7.37)OH 


a-methly-Ala®- 
GLP-1 {7-36)NH2 


Gly^-Gln2i GLP-1 
(7-37)OH 


0 


0.172 


0.136 


0.187 


0.163 


0.167 


0.3 


0.099 


0.079 


0.191 


0.134 


0.113 


0.5 


0.057 


0.070 


0.184 


0.098 


0.082 


0.7 


0.035 


0.058 


0.180 


0.079 


0.069 


1.0 


0.039 


0.057 


0.173 


0.076 


0.065 


3.0 


0.048 


0.044 


0.110 


0.055 


0.055 



TTiis example shows that only a small quantity of zinc is required to complex with and precipitate a significant por- 
tion of the GLP-1 molecules from these dilute solutions. 

Example 2 

5 mg of GLP-1 (7-36)NH2 was completely dissolved in 2.5 mL of pH 7.4, zinc-free 0.1M HEPES buffer. An addi- 
tional 2.5 mL of pH 7.4. 0. 1 M HEPES buffer containing 0.6 mM zinc chloride was quickly ^ed. The approximate molar 
ratio of zinc to GLP-1 (7.36)NH2 in this sample is 1 to 1 . The solution immediately became cloudy and precipitation soon 
formed. The mixture was stored at ambient temperature (22*' C) for 18 hours. 

The precipitate became firmly attached to the bottom of the glass vial. The supernatant was completely decanted 
by pipette. The precipitate was then completely dissolved in 5,0 mL of 0.01 N hydrochloric acid. The absorbance at 280 
nm was dete-mined for both the supernatant and redissolved precipitate solutions. The zinc levels in these solutions 
were quantitated by atomic absorption spectrophotometry. The results of this experiment are shown in Table 2. 



Table 2 





280 nm 
Absorbance 


Zinc Concentration 
in Parts per Million 


Supernatant (5 ml) 
Redissolved Precipitate (5 ml) 


0.118 
1.932 


9.02 
13.3 



This example shows that most of the GLP-1 (7-36)NH2 precipitated from the solution when the zinc-containing 
HEPES solution was added. The 280 nm absorbance value of 1.932 indicates the GLP-1 (7-36)NH2 concentration of 
the redissolved predpitate is 0.933 mg/ml. or 283 pM. The zinc concentration of this same solution. 13.3 parts per mil- 
lion, is equivalent to a zinc concentration of 203 jiM. Therefore, the molar ratio of zinc to GLP-1 {7-36)NH2 in the pre- 
cipitate was 0.71 7 to 1 . 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: ELI LILLY AND COMPANY 

(B) STREET: Lilly Corporate Center 

(C) CITY: Indianapolis 
10 (D) STATE: Indiana 

(E) COUNTRY: United States of America 

(F) ZIP: 46285 



(ii) TITLE OP INVENTION: GLUCAGON-LIKE INSULINOTROPIC PEPTIDES 
,5 COMPOSITIONS AND METHODS 

(iii) NUMBER OF SEQUENCES: 1 



(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: K. G. Tapping 

(B) STREET: Erl Wood Manor 

(C) CITY: Windlesham 

(D) STATE: Surrey 

(E) COUNTRY: United Kingdom 

(F) ZIP: GU20 6PH 

{v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Macintosh 

(C) OPERATING SYSTEM: Macintosh 7.0 

(D) SOFTWARE: Microsoft Word 5.1 



(2) INFORMATION FOR SEQ ID N0:1: 

35 ii) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

^ (ii) MOLECULE TYPE: peptide 



45 



50 



55 



10 



EP0 733 644A1 



10 



IS 



20 



(ix) FEATURE: 

(A) NAME/KEY: Modif ied-site 
{B) LOCATION: 29.. 30 

{D) OTHER INFORMATION: /label= modif ied-site 

/note= "The arginine residue at position 30 is 
modified so as to replace the terminal carboxyl 
group with an amine." 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

His Ala Glu Gly Thr Arg Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 
15 10 15 

Gin Ala Ala Lys Glu Phe lie Ala Trp Leu Val Lys Gly Arg 
20 25 30 



Claim 

25 1. A GLP-1 molecule complex consisting of a divalent metal cation associated with and capable of co-predprtating 
with a compound of the formula: 

R^-X<3lu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Y-Gty<aln-Ala-AIa-Lys-Z-Ph 
Lys<3ly-Arg-R2 
wherein: 

30 

Rj is selected from the grotp consisting of L-histdine, D-histidine. desamino-hlstidine, 2-amino-histidine. p- 
hydroxy-histidlne. homohistidine. alpha*fluoromethyl-histidine. and alpha-methyt-histidine; 

X is selected from the group consisting of Ala. Gly, Val, Thr, lie, and alpha-methyl-Ala; 

35 

Y is selected from the group consisting of Glu, Gin. Ala. Thr. Ser, and Gy; 

Z is selected from the group consisting of Glu, Gin, Ala, Thr, Ser, and Gly: 

40 R2 Is selected from the group consisting of NH2, and Gly-OH; 

providing that the compound has an isoelectric point in the range from about 6.0 to about 9.0 and further providing 
that when R^ is His. X is Ala Y is Glu, and Z is Glu, R2 must be NH2. 

45 2. A compiex of Claim 1 wherein said divalent metal cation is zinc. 

3. A complex of Claim 2 wherein R^ is chosen from the group consisting of His and desamino-histidine. 

4. A complex of Claim 2 wherein X is chosen from the group consisting of Ala. Gly, and Vai. 

so 

5. A complex of Claim 2 wherein Y is chosen from the group consisting of Glu and Gin. 

6. A conrplex of Claim 2 wherein Z is chosen from the group consisting of Glu and Gin. 
55 7. A complex of Claim 2 wherein R^ is His. X is Val, Y is Glu, Z is Gu, and R2 is Gly-OH. 

8. A complex of Claim 2 wherein R^ is His. X is Gly. Y is Gin. Z is Glu. and R2 is Gly-OH. 
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30 



40 



45 



^ tt^^fS^ formulation whk* comprises as an active ingredient, a conpiax. or a pharmaceutically acc«ta- 
earners, afluents, or axapients therefor. ^ua«c 
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